The paper shows that foreign holdings of local currency government bonds in emerging market countries (EMs) have reduced bond yields but have somewhat increased yield volatility in the post-Lehman period. Econometric analyses conducted from a sample of 12 EMs demonstrate that these results are robust and causal. We use an identification strategy exploiting the geography-based measure of EMs financial remoteness vis-à-vis major offshore financial centers as an instrumental variable for the foreign holdings variable.The results also show that, in countries with weak fiscal and external positions, foreign holdings are greatly associated with increased yield volatility. A case study using Poland data elaborates on the cross country findings. JEL Classification Numbers: C32; C33; F30; G15
I. INTRODUCTION
This paper analyzes the influence of foreign investors on the level and volatility of local currency government bond yields with a focus on the post-Lehman period. While foreign holdings of emerging market (EM) debt have increased markedly across EMs after the 2008-09 financial crisis (IMF, 2012) , the increase has been particularly prominent in their holdings of local currency bonds-a result of both pull and push factors ( Figure 1 ). Our econometric analyses, complemented with a number of robustness tests, suggest that an increase in the share of foreign investors in EM local currency bond markets contributes to lower yields but higher yield volatility, the later effect being mostly observed in countries with weak macroeconomic fundamentals. A case-study using Polish data supports the main cross-country findings that a higher share of foreign holdings of local currency government bonds is associated with lower yields. The results also point to a positive, albeit smaller, association between foreign holdings and yield volatility in Poland despite Poland's strong fundamentals. The prominent role of Poland as a proxy for investors seeking exposure to the Central and Eastern European region is likely to explain this result.
[ Figure 1 ] The paper is interesting from a number of angles. First, intuitively speaking, foreign investors should play both positive and negative roles in local currency bond markets.
 As EM financial markets are becoming more globally integrated, medium-and longer-term local currency bond yields are increasingly influenced by foreign investors who take positions in these buoyant markets. This is a fortunate development. Foreign investors' interest in local currency bonds enables EMs to borrow "abroad" in their own currency instead of hard reserve currencies-reducing the "original sin" and the associated vulnerabilities. In addition, as pointed out by Peiris (2010) , foreign investors could act as catalysts for the development of local bond markets, particularly by diversifying the investor base, creating greater demand for local EM debt securities, and increasing market liquidity.
 However, at the same time, a larger foreign presence could also lead to greater volatility in local bond markets. Experience shows that EMs can be hit hard by the sudden drying-up of capital flows resulting from an increase in global risk aversion or a rise in global interest rates, sometimes irrespective of a country's fundamentals (see Calvo et al., 2006) . The recent turmoil in EM markets in the wake of Fed's "tapering talk" on May 22 is a case in point. Thus, foreign participation in the local currency bond market can make host economies more susceptible to adverse shifts in market sentiment-a misfortune in some sense. During "good times", large inflows of funds into EMs can also prove excessive, complicating macroeconomic management, possibly leading to asset price and credit bubbles, and exposing these economies to potential flow reversals.
Second, analytically it is challenging to prove the relationship between foreign purchases and local yield dynamics. As acknowledged by Wu (2006) and Beltran et al. (2013) , challenges arise from several factors, most of which have not always been adequately addressed in the literature. Notably, the direction of causality between foreign demand and their prices (or yields) is likely to go both ways. Moreover, long-term interest rates are influenced by forward looking variables which are typically unobservable, such as expectations of long-run inflation and other macroeconomic factors, which makes identifying the effects of foreign inflows more difficult.
Scatter plots show that EMs that have been able to attract more foreign investors have been able to enjoy lower yields ( . However, our results show that looking at simple correlations between foreign holdings and volatility of yields could be misleading, as one could be tempted to conclude that foreign holdings are associated with lower yield volatility without correcting for the negative endogeneity bias arising from the fact that foreign investors could be less likely attracted by highly volatile and uncertain markets. Correcting for this bias (alongside additional robustness tests) reveals the true impact of foreign holdings. Taken together, this makes us confident that the empirical results are robust and capture the causality from foreign holdings to the level of yields and their volatility.
[ Figure 2 ]
Third, it is interesting from a policy perspective to assess whether macroeconomic fundamentals matter. In this regard, our study tests the hypothesis of the existence of nonlinearities in the effects of foreign holdings by focusing on the role played by countries' macroeconomic fundamentals on the marginal effects of foreign holdings on yields. To our knowledge, this is the first paper that explicitly tests for such non-linearities.
Our paper examines whether external and fiscal buffers play a critical role in shaping the relationship between foreign holdings and the dynamics of yields. Our results show that countries' fundamentals matter less in the relationship between foreign holdings and the level of bond yields but more in the relationship between foreign holdings and yield volatility. It suggests that foreign inflows affect linearly and significantly the level of the yields irrespective of countries' fundamentals. When global liquidity is ample, foreign investors did not necessarily regard EM assets as a heterogeneous risk exposure in their portfolio choices and the run toward such assets was shared uniformly across EMs, hence lowering the yields. On the relationship between foreign holdings and yield volatility, investors seem to differentiate among EM assets. Countries with weaker fundamentals tend to suffer more from the yield volatility induced by a higher dependency upon foreign investors. This suggests that the direct/immediate benefits of increased foreign attraction and broadened international investor base appear to be conditional on superior economic performance.
Fourth, to reinforce the main message, it is worth going beyond average effects which may hide countries' specificities to examine the specific case of Poland, a country which has experienced one of the biggest surges in foreign holdings among EMs (the share of foreign investors reached a peak at 37 percent in April 2013 from about 14 percent in early 2009). The analysis is performed using time-series approaches to allow us to take advantage of the availability of high frequency data. An error-correction model and the Generalized Autoregressive Conditional Heteroskedasticity (GARCH) framework are explored to quantify the effects of foreign holdings on the level and volatility of yields. The result suggests that an increase in foreign holdings is associated with lower but somewhat volatile yields in Poland. This contrasts with the pre-crisis study by Peiris (2010) which did not find a positive association between foreign holdings and yield volatility in Poland over the period 2000-09. The prominent role of Poland as a proxy investors seeking exposure to the Central and Eastern European region is likely to explain this result.
The paper is organized as follows. Section II provides the framework and results from crosscountry estimates. It also provides robustness checks and non-linear effects using interaction terms with countries' macroeconomic fundamentals. Section III examines the specific case of Poland. Section IV concludes.
II. CROSS-COUNTRY ESTIMATES
We use a panel dataset consisting of 12 EMs with wide geographical allocation and, for which quarterly data on the foreign ownership of local currency government bonds (EM bonds issued in local currency) are available. We focus on the post-Lehman period during which financial conditions and global volatility have been particularly fluid.
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The sample therefore starts in 2009Q1 and ends in 2013Q1.
Our econometric framework is similar to previous studies on the determinants on EM sovereign bond yields (Comelli, 2012; Csonto and Ivaschenko, 2013; Jaramillo and Weber, 2012) , but it differs insofar as the focus is on explaining the effect of the foreign holdings of domestic government bonds issued in local currency. In this regard, the paper follows closely the recent contributions by Andritzky (2012) in the case of advanced economies, and Peiris (2010) regarding emerging market economies.
The empirical contribution of this paper is three-fold.
 First, we focus on the post-crisis period to explore the role played by foreign investors in EMs local currency bond markets. Rather than identifying average effects over longer time periods such as in Andritzky (2012) or the pre-crisis period as done in Peiris (2010) , we analyze the most recent period.
 Second, we focus on a comprehensive set of EM countries for which we are able to gather the variables of interest and follow a panel data approach similar to Baldacci, Gupta, and Mati (2011), and Jaramillo and Weber (2012) . Starting with such a homogenous sample, the paper proposes several robustness exercises aimed at strengthening the empirical framework. Various identification strategies are proposed to assess causal effects of the foreign holdings of government local currency bonds on the level and the volatility of the yields-one of the main empirical challenges. Instrumental variable strategies are used to rule out endogeneity issues and provide estimates that are in line with our expectations of the direction of the bias.
 Third, we explicitly test the existence of non-linear effects by allowing the marginal effects to depend upon some quantitative measures of countries' fundamentals (current account, foreign exchange reserves, and public debt) and global risk aversion. Such non-linear effects would suggest that yields respond differently to surges in foreign holdings conditional on macroeconomic performance. Previous papers have highlighted the existence of non-linear effects from foreign holdings to yield volatility across EMs. For example, Peiris (2010) , using pre-crisis data from 2000 to 2009, found that greater foreign participation significantly increases yield volatility in one country (Korea) and decreases it in a few others (Malaysia, Mexico, Turkey), while being an insignificant explanatory variable in most other EMs. A recent study by Arslanalp and Tsuda (2013) also looks at the potential effects of a higher degree of financial integration (through higher foreign holdings ratio) on funding risks and domestic financial stability through simulation exercises using underlying data for selected countries. Their results suggest that under various scenarios of shifts in foreign investor behavior, EMs would be affected differently in terms of the magnitude of assets sold by foreign investors, capacity of the domestic banks to absorb foreign sales, and the subsequent movements in the bond yields. However, the simulation exercise does not incorporate the role of countries' macroeconomic fundamentals in the scenarios. To our knowledge, ours is the first study to do so.
A. Empirical Design
Estimating the effects of the foreign ownership on the level of local currency bond yields
The econometric model exploits the panel data structure and allows us to control for other determinants of local currency bond yields. The following model is therefore specified:
where denotes the 5-year local currency bond yields in each country i at each quarter t.
3 denotes the matrix of control variables representing the other correlates of local currency bond yields whereas and are country and quarter fixed-effects, respectively. The presence of country-fixed effects in the model allows us to control for unobservable countryspecific factors that may be correlated with the level of yields in each country such as investors' risk perception and countries' historical default risk. Conditional on the presence of fixed-effects, would represent the reaction of local currency bond yields to an increase in the share of foreign investors in the local currency bond markets within countries .
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While it would have been useful to break down the foreign holdings into the various types of holders (foreign officials, foreign bank, and foreign nonbanks), this level of disaggregation is not available in our data. We therefore use the aggregate data instead.
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The matrix of control variables distinguishes between country-specific factors and global factors.
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Regarding country-specific determinants, we control for central bank policy rates, the inflation rate, and changes in the real GDP growth rate. We expect the policy rate to be positively correlated with local bond yields as central bank rates are usually the leading reference price for other assets. A higher inflation rate and a negative change in the GDP growth rate should drive up the yields as investors may demand higher yields from countries with high inflation rate and low growth prospects, all else equal. To check the robustness of the results, additional control variables such as the public debt-to-GDP ratio, the current account balance-to-GDP ratio, and the foreign reserve-to-GDP ratio are also included. As foreign investors may be measuring returns in exchange rate adjusted terms, we also control for the 2-year forward exchange rate between each currency against the US dollar. We assume that expectations regarding a depreciation of EM currencies against the dollar will cause investors to demand higher yields. However, due to data constraints, controlling for this variable leads to a reduction in the sample size as only 10 out the 12 EMs covered here report these data.
As has become common in this literature, global factors are separated into global risk aversion factors and global liquidity factors. Regarding the former, the model controls for the Chicago Board Options Exchange Volatility Index (VIX), which measures the implied volatility of S&P500 index options, and is a proxy for investors' risk appetite. The VIX is expected to be positively associated with the local yields. Indeed, an increase in risk aversion would raise the yields requested by investors to hold emerging market local debt securities. We also control for global liquidity conditions using the U.S. federal funds rate. As a lower Fed funds rate is assumed to be associated with higher global liquidity, it is expected to have a positive relationship with local yields (since investor appetite for EM assets should increase when returns in advanced economies decline). It is also worth noting that, to some extent, U.S. monetary policy decisions (captured by the Federal funds rate) can at least partially reflect global risk aversion as well, contributing to driving down local yields in periods of low risk aversion when markets are desperately search for yields. On the flipside, an increase in the Federal funds rate can be associated with an increase in EM local yield in periods of high risk aversion when markets flock to safe heavens (Csonto and Ivaschenko, 2012) .
Estimating the effect of the foreign ownership on the volatility of local currency bond yields
The econometric model is specified to fit the quarterly data on both the yield volatility and the control variables. The quarterly yield volatility indicator for each country is computed as the standard deviation of weekly changes in the 5-year local currency government bond yields over 12 weeks (one quarter). This gives one data point per country per quarter and has the advantage of capturing the within-quarter volatility of the bond market in each country over the time. The fixed-effects specification allows us to measure the effect arising from a "within-country" increase in foreign holdings of local currency bonds on the country's yield volatility. The model is therefore specified as follows:
where denotes the quarterly yield volatility in each country. The matrix of control variables includes the VIX and the inflation rate (aimed at capturing domestic macroeconomic instability). To check the robustness of the results, additional control variables such as government debt, current account balance or the international reserve-to-GDP ratio are also included. We also control for the quarterly standard deviation of the 2-year forward nominal exchange rate between each currency against the US dollar. We expect that the volatility of the forward exchange rate will be positively associated with the yield volatility.
B. Data
The data used in the paper are assembled from multiple sources (Table A2) . Data on EM local bond yields with a maturity of five years are drawn from DataStream. The foreign holdings ratios are extracted from Haver Analytics and complemented with the data from Asianbondonline. Some of the control variables (policy rates, the U.S. Federal funds rate, and VIX index) also come from DataStream. Inflation and real output growth data are from the IMF World Economic Outlook. Other macroeconomic variables such as current account deficit, foreign exchange reserves, and gross government debt ratios are drawn from Haver Analytics.
All data are available in a quarterly frequency and the time dimension spans from 2009Q1 to 2013Q1. Due to data availability issues (mostly driven by the foreign ownership variable), we end up with 12 EMs for which the information is available on all variables.
C. Baseline Estimates and Results

Foreign holdings and the level of local bond yields
The econometric results are presented in Table 1 . The results show that foreign participation has a statistically significant and negative effect on the level of local currency bond yields. The impact is substantial. A 10 percentage point increase in the share of foreign investors in the government bond market is associated with a reduction in yields of 70 to 90 bps. The effect is larger (in absolute terms) compared to the pre-crisis estimates found by Peiris (2010) . The results also uncover a strong and robust effect of the country's policy rate on yields. The level of international reserves, the U.S. federal funds rate and the level of the current account balance seem also to play a significant role. In columns 7 and 8, the point estimates on the current account balance and international reserves (scaled by GDP) are statistically significant and negative, suggesting that an increase in the size of external buffers has led to declines in yields. For example, a 1 percentage point increase in foreign exchange reserves-to-GDP will tend to lower the yields by about 9 basis points on average. Expectations regarding a depreciation of the local currency against the US dollar are also positively and significantly associated with higher bond yields (column 9).
[ Table 1 ]
Foreign holdings and the volatility of local bond yields
In Table 2 , we investigate the effect of foreign holdings on yield volatility. We begin by estimating a pooled OLS version of the model (without country-fixed effects). The results shown in columns 1-2 suggest a negative association between the foreign holdings ratio and the yield volatility although the significance of the coefficient weakens when additional control variables are accounted for. Once country fixed-effects are controlled for (columns 3-8), the foreign holdings ratio is no longer associated with a decline in the volatility of bond yields. In most cases, the point estimate is negative but far from being significant. Regarding the effects of the other control variables, the results highlight a robust and significant association between the VIX and the yield volatility in all specifications. This implies the existence of strong financial spillovers from shifts in global risk appetite into bond market volatility in EMs. The positive correlation between current account surpluses and yield volatility is surprising and counter-intuitive. The volatility of the forward exchange rate between the local currencies against the US dollar is also positively and significantly associated with the yield volatility (column 7).
[ Table 2] It is however important to remain cautious regarding these previous results as the fixedeffects specifications still do not fully rule out the potential endogeneity issues or the existence of potential conditional effects depending on countries' macroeconomic fundamentals.
D. Robustness Checks
Model of the level of yields
Several robustness checks are performed in order to assess the quality of the previous estimates. Regarding the estimations of the effect of the foreign holdings on the level of local bond yields, we provide estimates of the baseline model when accounting for: (i) the potential serial correlation within the panel structure, (ii) detection of influential observations, and finally, (iii) the potential endogeneity of the foreign holdings variable.
Controlling for the serial correlation of the residuals
The econometric results are presented in Table 3 . In column 1, we present the results obtained when the assumptions of no serial correlation of the residuals are relaxed. We therefore estimate a panel fixed-effects model with residuals assumed to follow an AR (1) process (see Baltagi and Wu, 1999) . The coefficient associated with the foreign holding variable is still negative, significant, and within the range of magnitude.
Dealing with outliers
In column 2, we run the model by excluding influential observations defined as countries with residuals that are more than two standard deviations from zero. Despite the correction, the econometric results do not reject the hypothesis that an increase in the foreign holdings of local government bonds is associated with a decline in government bond yields.
Addressing the endogeneity of foreign holdings
In columns 3-5, we address the endogeneity of the foreign holding variable via an instrumental variable strategy. Endogeneity issues are particularly pronounced in this context as it is obvious that foreign investors target markets depending on the expected return on their assets. In principle, this source of endogeneity should not pose a severe threat to our results as the direction of the bias is likely positive: the reverse causality is likely to be positive from higher (expected) yields to a high share of foreign investors. The resulting effect on our baseline estimates would be an underestimation of the "true" negative association between the foreign holdings and the level of the yields. However, other sources of endogeneity are more difficult to ignore. For example, there may exist some unobservable factors which are both correlated with the foreign holdings of local bonds and the yields. For such reason, our estimates could be biased as well.
[ Table 3] Under the presence of country fixed-effects in the model, the challenge is to find a timevarying instrumental variable which is strongly correlated with the foreign holdings variable but not with the bond yields in the sample conditional on the presence of other correlates. To overcome this challenge, the paper proposes several identification strategies aimed at addressing the endogeneity concerns. First, we resort to a simple strategy which instruments the foreign holdings variable with its second and third lag. 7 We therefore make the assumption that the lagged levels of the foreign holdings affect the level of bond yields only through their effects on the current level of foreign holdings. 8 The results of this instrumental variable strategy are consistent with the previous estimates of the effect of the foreign holdings of local bonds on the level of yields. Interestingly, the point estimate under the instrumental variable strategy is negative and statistically significant (column 3).
In columns 4-5, we propose an alternative identification strategy which goes beyond the simple use of lagged values of the endogenous variable. We exploit the time-varying effects of the distance vis-à-vis major offshore financial centers on the foreign holdings in each country. The identification strategy is based on the idea that countries closer to the financial centers are more financially integrated and would therefore experience a higher share of foreign investors in the domestic government bond market.
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The geography-based measure of this financial remoteness has the advantage of plausible exogeneity. We use the estimation of quarter-by-quarter OLS regressions estimates of foreign holdings explained by the financial remoteness and/or its square, while controlling for the policy rate. While the financial remoteness variable is by construction time-invariant within a country, the time-varying estimates (quarter-by-quarter) of its impact on foreign holdings adds to it a time-varying dimension at the country-level. The key idea for instrumentation is to model the foreign holdings ratio based on structural (therefore exogenous) factors, and is to use the timevarying predictions from this model as the main instrumental variable for the observed foreign holdings ratio. To measure financial remoteness, we use the (natural logarithm of great-circle) distance to the closest offshore financial center (OFC), using the 40 OFCs tabulated in Rose and Spiegel (2007) . 10 The source of the data is Rose and Spiegel (2009) . Depending on the first-stage specifications, the distance variable enters the model linearly or in a quadratic form.
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As expected, the foreign holdings ratio is negatively correlated with the financial remoteness and more importantly, the estimates are different across quarters, suggesting shifts in the evolving role of offshore financial centers on capital flows throughout the period.
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Armed with this instrumental variable (the exogenous component of the foreign holdings), we run two-stage least squares estimates of the effect of foreign holdings on the yields. As the instrument is time-varying within countries, the model allows for the inclusion of country-fixed effects to capture other potential unobserved factors. The results do not reject the hypothesis of a negative and statistically significant effect of foreign holdings on the level of the yields in EMs. Even when we assume that the financial remoteness affects the foreign holdings ratio in a non-linear way (by using the quadratic form of the variable in the model engineering the instrumental variable) the results remain similar and robust (column 5).
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Model of the volatility of yields
Addressing the endogeneity of foreign holdings
We follow the exact same identification strategies laid out in the previous section to tackle the endogeneity concerns. We begin by reporting the results which use the lagged values of the foreign holdings ratio as the instrumental variables. We then report the results when the identification strategy is based on the financial remoteness effect on foreign holdings ratios.
The results of instrumental variable estimates are presented in Table 4 . Regardless of the instrumental variable method which is used, the results highlight a positive and significant association between the higher dependency upon foreign investors in the domestic bond market and the yield volatility. The estimates derived from the use of the financial remoteness variable lead to a higher impact (columns 2-3). Interestingly, the instrumental variables also appear to be significantly correlated with the foreign holdings ratio and standard diagnostic tests of instrument relevance are satisfactory. Even when we assume that the financial remoteness affects the foreign holdings ratio in a non-linear way (by using the quadratic form of the variable in the model engineering the instrumental variable) the results remain similar and robust (column 3).
[ Table 4 ]
E. Macroeconomic Fundamentals and the Impact of Foreign Holdings
Is the effect of foreign holdings of local government bonds affected by countries' macroeconomic fundamentals? After establishing that an increase in the share of foreign turned out that the foreign holdings ratio is less responsive to this variable than to the distance vis-à-vis offshore financial centers.
investors in local government bonds market is on average associated with a decline in the level of the yields and a rise in yield volatility, the paper expands the analysis by investigating the presence of non-linearities in the effects of foreign ownership on EM local government bond markets. We test the assumptions that the effects of the foreign holdings are conditional on domestic policies vulnerabilities (captured by the level of fiscal balance or gross government debt, the current account balance or the level of international reserves) and by the level of global risk aversion.
The econometric specification allows for a non-linear effect of the foreign holdings variable in the model of the level of the yields. More formally, the models are specified as follows:
Moreover, when and are individually and jointly statistically significant, a threshold effect arises:
where P denotes the matrix of conditional variables discussed above. * measures the level of the given macroeconomic variable beyond which an increase in the share of foreign investors in the local government bond market leads to a modification of the marginal effect.
In the case of the volatility of the yields, the specification is as follows:
The threshold level of the conditional variable is given by:
When the panel fixed-effects specification is used, the model is as follows:
with the thresholds of the conditional variables computed as previously.
Bond yields, fundamentals, and participation of foreign investors
The results are presented in Table 5 . Regarding the effects on the level of bond yields, we do not find a statistically significant non-linear effect of the foreign holdings of EMs local bonds on the level of yields except in the case of gross public debt and total external debt ratios. Regardless of the other conditional macroeconomic variables which are used in the test (current account balance and global risk aversion), the marginal effect of foreign holdings does not change significantly. This suggests that the benefit in terms of bond yield decline is not very different across EMs except in the case of highly indebted EMs. However, it is worth noting that the computed debt-to-GDP thresholds are out-of-sample thresholds suggesting that the results may represent statistical artifacts and should therefore be interpreted with caution.
[ Table 5 ]
Yield volatility, fundamentals, and participation of foreign investors
We now turn to the role of fundamentals as potential factors that shape the relationship between foreign holdings and yield volatility in EMs. The results are presented in Table 6 . The effect of countries' fundamentals is statistically significant and consistent with our expectations. The results suggest that the positive association between the share of foreign investors in local currency bond markets and the ex-post historical volatility of government local currency bond yields increases with the level of total external debt-to-GDP ratios while it decreases with the strength of the balance of payment position (lower current account deficits and higher foreign exchange reserves). Interestingly, the effect of foreign holdings does not seem to depend on the degree of global risk aversion.
[ Table 6 ]
Estimates presented in Table 6 allow us to compute the threshold of some conditional variables at which the marginal effect of foreign holdings on yield volatility is fully neutralized. Our estimates suggest that in EMs with current account surpluses amounting to 1.5 percent of GDP or foreign exchange reserves close to 12 percent of GDP, yield volatility is insensitive to increases in foreign holdings. The estimation results show that an increase in the share of foreign holdings in a given country is associated with a decline in the country's yield volatility, as the current account surplus strengthens. In other words, countries with current account surpluses do not appear to suffer from the yield volatility induced by an increase in the share of foreign investors. In contrast, these countries appear to post lower expost yield volatility. However, for countries with variables below these thresholds, the resulting volatility of yields is higher. The results also highlight that total gross external debt above 98 percent of GDP is conducive to an increase in yield volatility in response to higher foreign holdings. It is worth noting that these are in-sample thresholds with values within the sample distribution.
These results are important for a number of reasons. First, they suggest that EMs with weak fundamentals compared to others would suffer the most from an initially high exposure to foreign investors in their domestic bond markets. Indeed, they tend to exhibit higher ex-post yield volatility suggesting that they are more prone to sudden-stops or flow reversals. While the impact on the yield level was not found to be broadly influenced by the level of fundamentals, this is no longer the case when focusing on the bond market volatility.
The differentiation in the impact of foreign holdings of local government bonds on the yield volatility brings a certain granularity to the baseline results. Indeed, one can think about two types of volatility affecting bond markets. On the one hand, as foreign investors move into countries with good fundamentals, the reduction in the yields may be accompanied by some volatility as yields are adjusting downward. On the other hand, in countries which enjoy a large influx foreign investors in the local bond market but which eventually suffered from the deterioration in the levels of the fundamentals, the risk of flow reversals or sudden-stops is higher and yield volatility becomes more pronounced.
III. CASE-STUDY: POLAND
Poland is one of the emerging economies that has experienced one of the biggest increases in the share of foreign investors in its domestic bond market over the past years. The share of foreign investors reached a peak at 37 percent in April 2013 from about 14 percent in early 2009. Alongside this development is the decline of bond yield levels (Figure 3 ).
[ Figure 3 ]
This section focuses on the case of Poland to reinvestigate the relationship between the participation of foreign investors in local currency government bonds and the level and volatility of Polish local currency bond yields using a time-series approach. The advantage of doing so over the panel framework is to go beyond average effects which may hide countries' specificities. Resorting to a time-series approach also allows us to take advantage of high frequency data on both the yields and other variables available for Poland. The benefit would be the external validity of the results which could be difficult to generalize to other EMs. We believe that providing both panel and an individual country estimates would help reinforce the main message of the paper. The data we used covers the period from end-2004 to August 2013. In addition, a subsample of the period over end-2008 and August 2013 is investigated as this is the period after which the foreign ownership has increased the most.
When resorting to a time-series approach, the very high frequency of the available data is an advantage and help better extract the information contained in the data. However, using high frequency data (daily or weekly) comes with a price as it prevents us from directly assessing the effect of our variable of interest, foreign holdings of local currency bonds. We tried to find a balance between the two goals in a sequential procedure. The estimation framework proceeds in three steps.
-First, we specify an error-correction model with weekly data to assess the relationship between domestic bond yields and traditional indicators. We focus on the role of expected future interest rates and global factors (global risk aversion and the U.S. Federal Reserve balance sheet) as the main correlates of the dynamic of weekly yields in Poland. The benefit of using Federal Reserve balance sheet is to gauge the external spillover to Poland from Fed's quantitative easing policies. -Second, we assess the critical role of these global financial factors on the level of and volatility of yields in Poland using a GARCH specification with daily data. -Finally, we revisit the effects of foreign holdings on the domestic government bond market in Poland using monthly data and specifying a GARCH model linking both the mean and variance of the yields to the foreign holdings variable. 14 14 For Poland, a comprehensive foreign holdings variable is only available at a monthly frequency.
The first two models/specifications can be taken as reduced form estimates, as most of the proxies for global factors are likely to be strongly correlated with the foreign holdings of Polish government bonds. The last model (using directly the foreign holdings variable) can be seen as the structural model linking foreign holdings to both the yields and their volatility.
A. Error-Correction Specification Using Weekly Data
Analytical framework and data
We begin by specifying the baseline error-correction model relating the bond yields to its traditional determinants. We use an error-correction model to explore both the long-run and short-run dynamics and better factor in the co-integration relationship among the variables.
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As we did in the cross-country approach, we focus on the 5-year local currency bond yields for consistency purposes. Weekly data covering the period from December 31, 2004 to August 30, 2013 are used. The error-correction specification is as follows:
Long-run dynamics:
5 log log , 3 6 , 21 24 ,
Short-run dynamics:
where ∆ denotes the first difference operator. 5 is the nominal yield of the 5-year domestic government bond, is the week-end NBP reference rate (key central bank policy rate) set by the Poland's Monetary Policy Council, 3 6 is the forward rate arrangement (FRA) for the forward period of (3m, 6m)-i.e., the interest rate applied for the future period between three and six months.
, the difference between the 3 6 and NBP reference rate, reflects financial market's outlook on the direction of the reference rate in a short-term period.
21 24 is the week-end FRA for the forward period of (21m, 24m)-i.e., the interest rate applied for the future period between 21 and 24 months.
, the difference between the 21 24 and reference rate, reflects financial markets' outlook on the direction of the reference rate in a relatively long-term period. In this long-run dynamics, we assume that the bond yield follows the development of reference rate, short-run and long-run reference rate outlooks. The advantage of using future interest rates perceived by markets is that they capture market expectations on the economic and financial prospects of the country. Such developments are therefore already priced in the expected future interest rates.
In addition, log represents the natural logarithm of VIX, and log the natural logarithm of 5-year sovereign credit default swap spread for Poland. They would capture the impacts of global financial conditions such financial stress and perceived risks of investing in Polish securities.
Two additional variables are added to the short-run dynamics. The first difference of the log --the natural logarithm of the base money of the U.S. Federal Reserve-is added to capture the direct impact of the U.S. monetary impulses on the yield of Polish government bond.
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∆ is the appreciation (+) or depreciation (-) of zloty against USD in the 2 year forward exchange rate of USD/PLN. The expectation is that a more appreciated forward exchange rate would persuade investors to accept a lower bond yield. is the error term, the lag of which is one of the explanatory variables in the short-run dynamics used as the error correction term (adjustment factor in case of any disequilibrium between the variables and the long-run equilibrium).
Estimation results
Long-run results
The results show that reference rate and interest rate outlook can explain most of the bond yield movements over the long run. Column 3 of Table 8 reports the OLS regression results with reference rate and interest rate outlooks as the explanatory variables. Variations in them could account for 87.9 percent of the variation in the yield curve over the sample period. The long-run reference rate outlook is more influential than short-run reference rate outlook in affecting the bond yield-the variation in the reference rate and long-run rate outlook account for 88 percent of the variation compared with the 67.1 percent of the variation explained by the reference rate and short-run rate outlook (Table 7) . This is not surprising, as the long-run rate outlook is more relevant for the 5-year bond yield than the short-run rate outlook. Given the high correlation between short-run rate outlook and long-run rate outlook and the dominance of long-run rate outlook, in deriving the error-correction term, we will use only the long-run rate outlook.
The explanatory power of the long-term dynamics is higher if VIX and CDS are added to the list of regressors. Variations in all of the variables could account for 95.3 percent of the variation in the yield curve. The coefficients of VIX and CDS are significant with expected positive signs-high VIX and high CDS are associated with high bond yield. If the subsample of the period over December 31, 2008 and August 30, 2013 is used instead, the coefficient on CDS will turn out to be larger, likely attesting to the important role of CDS after the 2008-09 financial crisis, and to the closer attention of investors, particularly foreign ones, to the risks of investing in Poland securities.
[ Table 7 ]
Short-run results
In the short-run, the balance sheet of the Federal Reserve is added as one of the explanatory variables. The more immediate (one-week lag) impact of a larger balance sheet is associated with higher Polish government bond yields while a more lagged larger balance sheet (4-week lag) seems to depress the yield. One possible explanation is that there is a lag for the full impact to be felt, and in the meanwhile a larger Fed balance sheet may be linked with some market risk aversion which could play a role in increasing the Polish government bond yield.
The changes of the reference rate and short-run and long-run interest rate outlook influence the short-term yield in an expected way (Table 8 ). The direction of the influence of the changes of the VIX and CDS to the change of yield is same as expected and significant. Higher VIX and CDS are positively associated with an increase in bond yield in line with the intuition of a greater sensitivity of the Polish financial market-due to its size and relatively higher liquidity-to external financial developments. As expected, a more appreciated forward exchange rate is associated with a lower bond yield. The lags of all these variables turn out to be insignificant in the estimation and therefore are excluded from the estimation. The error term derived from the long-run dynamics is significant with the negative sign as expected. It confirms the stable nature of the dynamics.
When the subsample of the period over December 31, 2008 and August, 2013 is used, the VIX, balance sheet of Fed, and the direction of the forward exchange rate cease to become significant, while the coefficient of CDS is larger compared with the estimation result from the whole sample. It is likely that after the 2008-09 financial crisis CDS has dominated other regressors or has incorporated most of the information embedded in other regressors, and hence overshadowed other external variables and contributed the most to the movement in the bond yields.
[ Table 8 ]
B. GARCH Model Using Daily Data
A GARCH approach is employed to help understand the dynamics of Polish government bond yields. The GARCH framework, a standard tool for modeling volatility in financial economics, allows us to estimate the impact of regressors on the mean and volatility of the dependent variable. Following the specification of the error-correction model, and by replacing base money of the U.S. Federal Reserve (daily balance sheet data are not available) with five year US government bond yields, we have the following equation:
The first equation is the mean equation, while the second is the variance equation. The lags in the GARCH model-GARCH (1, 2)-are chosen based on their significance. ∆ log enters the variance equation as it is the only regressor that is significant in this equation.
The estimation results for daily data from December 31, 2004 to August 30, 2013 show that, in the mean equation, (i) the changes in the reference rate and interest rate outlook influence the yield, (ii) the direction of the influence of the changes of the VIX and CDS to the change of yields is as expected positive, though the coefficient of VIX is not significant, (iii) a more appreciated forward exchange rate is associated with a lower bond yield ( Table 9 ). The newly added variable, five year US government bond yield, turns out to be significant with the expected positive sign. Moreover, if a subsample covering daily data from December 31, 2008 to August 30, 2013 is estimated, the coefficient of the US bond yield turns out to be larger, attesting to the increasing influence of US bond yields on Polish government bond yields, associated with the increasing role of financial spillovers from financial centers into the Polish local bond market, which is associated with increasing foreign ownership.
The variance equation shows that the volatility of the bond yields increases as the VIX increases, confirming the impact of global risk aversion on the volatility of Polish government bond. Also as expected, this influence has increased after the 2008-09 financial crisis. The estimation results are robust in the sense that results are similar under different types of GARCH models and error distribution assumptions. This suggests that volatility is increasingly influenced by global factors, which in turn are linked to higher foreign holdings of local currency government bonds.
[ Table 9 ]
C. A GARCH Approach Using Monthly Foreign Holdings Data
A second GARCH approach is employed to explore the influence of the share of foreign holdings of Polish government bonds. In this regard, the monthly data of foreign holdings are included in the analysis using a simple version of the GARCH (1, 1) model as follows:
where represents the share of foreign investors in the Polish government bond. The sign on it provides an estimate of its impact on the mean and volatility of the bond yield. The estimation results for monthly data from December 2004 to July 2013 (Table 10) show that greater foreign ownership reduced the mean of the yields, while its impact on the yield volatility is insignificant, similar to the results shown in Peiris (2010).
[ Table 10 ] However, the estimation results from December 2008 to July 2013 show that greater foreign ownership is associated with lower yield, but at the same time with higher volatility, reflecting the mixed role of foreign investors in Polish government bond markets, which is also consistent with the cross-country evidence discussed in previous sections. The results are also in line with the recent simulations conducted in Arslanalp and Tsuda (2013) focusing on several EMs countries. The authors show in their risk-scenarios that Poland would be significantly hit by a change in foreign investor behavior (sudden-stop of fund inflows, passive sales, and active sales) in terms of capital outflows and subsequent abrupt changes in long-term government bond yields due to a combination of factors: higher initial exposure to foreign investor base and ability of the domestic banks to absorb the foreign sales.
IV. CONCLUSION
This paper finds that foreign investors' participation in EM local currency government bond markets has an impact on the level and volatility of bond yields. This result is confirmed in both a panel framework which covers 12 EMs and a time series approach focusing exclusively on Poland. Our analysis suggests that EMs that have been able to attract a higher share of foreign investors in their local currency government bonds enjoy lower yields, but are more susceptible to market sentiment. This is particularly relevant in the current juncture, as the discussion of Fed's exit from its quantitative easing policy has raised questions about the potential impact in EMs.
Our results suggest that countries with strong macroeconomic fundamentals should experience less volatility as a result of foreign participation in their local currency bond markets. We also find that the benefit of lower yields arising from foreign investors is universal across EMs regardless of their macroeconomic fundaments. When global liquidity is ample, investors' search for yield overshadows the necessity to differentiate across EMs based on fundamentals. However, when liquidity becomes scarcer, investors are more inclined to differentiate across EMs. When this happens, EMs with weak fundamentals would suffer more from higher yield volatility associated with a high exposure to foreign investors in their local currency bond markets. In this sense, fortunes are all alike; every misfortune is misfortune in its own way.
The most direct policy message from our findings is that, in order to benefit most from foreign investors' participation, EMs need to continue to improve their macroeconomic fundamentals and build policy buffers. Policies could include adopting prudent fiscal policies and other policies that would encourage national savings. Another policy suggestion, which is at more microeconomic level, is that countries should aim to manage public debt prudently, attract long-term foreign investors, and create liquid fiscal buffers to deal with uncertainties. THA THA  THA   THA  THA THA THA THA  THA THA  THA  THA THA  THA  THA THA THA   TUR   TUR   TUR   TUR  TUR  TUR   TUR  TUR   TUR TUR  TUR  TUR TUR  TUR   TUR 
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